Summary. A solar flare spectrum in the wavelength region between 7.8 and 10.0À, recorded by the Flat Crystal Spectrometer on Solar Maximum Mission during a flare on 1985 July 2, is presented. It includes several spectral emission lines not hitherto reported. Most are identifed through comparison with wavelengths either measured in laser-produced spectra or calculated ab initio. It is found that they are mainly due to n = 2-4,5 transitions in Fe xix to Fe xxm. In a few cases, previous identifications are corrected. The more intense lines appear in second order in another channel of the spectrometer. The potential of line-intensity ratios for temperature and density diagnostics is discussed.
Introduction
Observations are now presented of emission lines of Fe xix to Fe xxiv in the X-ray spectrum of an intense solar flare in the wavelength region between 7.8 and 10.0Â. Most of the lines result from n =2-4 transitions and some of the Fe xix to Fexxm lines have not previously been reported or correctly identified. Their potential for temperature and density diagnostics is discussed and the appropriate line-intensity ratios for this purpose are indicated. The instrument used, which still functions well, is the high-resolution Flat Crystal Spectrometer (FCS) on Solar Maximum Mission (SMM). SMM was launched in 1980 February and operated successfully for 9 months when a failure occurred in the spacecraft attitude control unit. Normal operations were resumed after the spacecraft attitude control unit was repaired by Space Shuttle astronauts in 1984 April. Although flare activity by then was much reduced after the peak of the last sunspot cycle in late 1979, the FCS and other SMM instruments observed several intense flares during 1984 and 1985. The flare under discussion occurred at about 2125 ut on 1985 July 2 and had an Ha classification 2B and X-ray magnitude M4.5 (on the 'C, M, X' ascending scale). B. C. Fawcett Qtdil.
FCS spectra covering a large wavelength interval have been obtained previously only for the declining phase of a small flare on 1980 August 25. During that flare the spectrometer scanned the entire region between 1.4 and 22 Â (see Phillips et al. 1982 for further details). During the 1985 July flare (as with the 1980 August flare), the FCS wavelength motor, which moves seven flat crystals attached to a common rotatable shaft through various Bragg angles, was commanded to drive over its full range. However, at the time of this flare, three of the seven detectors were either switched off or not working, leaving three gaps in the total wavelength coverage. The spectra obtained covered the ranges 1.4-2.1, 3.6-5.8, 7.3-10.0 and 13.1-22Â, though there are in addition several small gaps due to data losses. The flare of 1985 July 2 was much more intense than the 1980 August flare. Furthermore lines of multiply ionized atoms, such as helium-like iron and calcium lines together with dielectronic satellites, which were observed by the companion instrument on SMM, the Bent Crystal Spectrometer (BCS), indicated much higher temperatures for the 1985 July flare. Whereas only the late stages of the 1980 August flare were observed, the FCS began its wavelength scan during the rise phase of the 1985 July flare, and continued beyond its maximum.
The larger amount of hotter material in the 1985 July flare can be deduced from the lines observed in the FCS spectrum. In the analysis of the 1980 August flare spectrum (Phillips et al. 1982 ) some 205 lines were distinguished between 5.68 and 18.97Â, and identifications were provided for all but 40, mostly weak, lines. The emitting ions ranged from O vm to Fexxiv but spectra of more highly ionized ions that occur in higher temperature plasmas were extremely weak. In contrast emission lines such as SxviLyor and Fexxv ls 2 -l,s2s or ls2p and dielectronic satellites appear much stronger in spectra of the 1985 July flare. Unfortunately, many of the strong lines due to n = 2-3 transitions in highly ionized iron ions fall in the 11-13 Â range which was not covered during this flare. Thus, a comparison of these lines with those in the 1980 August flare spectrum is not possible. A feature of the 1985 July flare spectrum which is strikingly different from that of the earlier flare is the presence of a large number of lines between 7.8 and 10 À, some having an intensity that is a sizable fraction of the well-known Mgxi lines at 9.2-9.3 Á. The most intense are also visible in second order. The present analysis is based on the first-order observations. Some of the stronger lines were present in the 1980 August flare. The present study provides improved wavelength and intensity data for these lines and hence re-assesses line identifications which turn out, with a few exceptions, to be due to n = 2-4, 5 transitions in Fexix to Fexxiv. In Section 2 the previous iron line observations in the spectral region 5-12 Â are reviewed. The present observations and identifications are discussed in Section 3. Section 4 outlines the potential value of these lines as diagnostics of plasma temperature and density.
2 Previous Fe line observations in the range 5-12 Â Following the first observations some 20 yr ago (Blake et al. 1965) , spectra between 8 and 17 Â during solar flares were reported by Neupert ei a/. (1967) using the OSO-3 satellite, and they correctly attributed the observed line features, many of which were blended, mainly to the 2s 1 2p n -2s 2 2p (jl~X) 3d transition arrays of Fe xvn to Fe xviv and tentatively suggested 4d features near 9Â. More detailed identifications were given by Fawcett (1970) using isoelectronic observations combined with extrapolations which indicated some of the terms responsible. An improved spectrum from 6-24 Â was obtained with the OSO-5 satellite and reported by Neupert, Swartz & Kastner (1973) . These authors provided further support to the identification of the terms responsible for the features in their spectrum. Another spectrum in the range 8-16 Â from the OSO-6 satellite was presented by Doschek, Meekins & Cowan (1973) , who correlated features with the theoretical computations for many transition arrays of Fe xvn to Fe xxiv but did not sort out the main lines responsible. In both the OSO-5 and OSO-6 papers line-intensity ratios as a function of flare activity were studied to enable lines to be sorted into ionization class and several of the lines discussed below were observed under the highest activity conditions. Based on detailed experimental observations (Fawcett & Hayes 1973) of spectra emitted from a theta-pinch plasma combined with theoretical computations and extrapolations, Fawcett, Cowan & Hayes (1974) established the identity of the Fexix to Fexxrv transitions which principally contributed to the intensity of the features in the OSO-5 spectrum. These authors also emphasized that some lines appearing strongly in laboratory spectra may be weak in solar flare spectra if they did not terminate in the ground term, a mechanism also found to be important in solar spectra by Gabriel, Fawcett & Jordan (1965) . These identifications were further supported with laser-produced plasma identifications of isoelectronic spectra (Fawcett & Hayes 1975) for elements between potassium and iron. Thus the work of Fawcett et al. (1974) dealt with identifications of the strongest lines but detailed analyses had to await the recent high-resolution solar spectra, as described below. For example the more recent work showed that the Fe xxi line feature near 12.3 Â should be attributed to 3 P 0 -3^i at 12.285 Â rather than 3 P 2 -3 D 3 which does not terminate in the ground level. recognized the potential of the n = 2-3 transitions between 10 and 12 Â for measuring, or limiting, the electron density in solar flares through the non-Boltzmann population ratios of the /-levels of ground terms, a method that has been applied earlier to the lower stages of ionization (e.g. Jordan 1966).
Observations with substantially improved spectral resolution are now available from collimated spectrometers such as the SOLEX instrument on the P 78-1 satellite (McKenzie et al. 1980 (McKenzie et al. ,1985 as well as the FCS. The spectra observed with the SOLEX spectrometers in the range 5.5-12 Â have recently been discussed by McKenzie etal. (1985) and by Seely & Feldman (1986) . As with the flare discussed here, the SOLEX spectra included data obtained near the onset and peak of a flare. The lines indicated the presence of ions formed at an electron temperature (r e )>10 7 K, a feature shared with the SMM observations of the 1985 July 2 flare.
SMM observations and new identifications
The spectrum obtained with the FCS instrument on SMM on 1985 July 2 is shown in Figs 1(a) and (b). It was obtained during a pre-programmed crystal sequence in which the entire FCS spectral range was covered, though in the event there were several losses of data in the downlink process. On emerging from Earth eclipse, at about 2044 ut in July 2, the FCS was commanded to do a 3x3arcmin raster over an area covering the active region NOAA4671 at which the SMM instruments were pointed. The brightest point within this raster was located, and at the end of the raster, the FCS was repointed to this location. The flare under discussion then occurred in this active region. It started just before 2100 ut, when a measurable rise in Ca xix X-ray line emission was registered by the BCS. A light curve for Ca xix line emission is shown in Fig. 2 . As soon as the count rate exceeded a predetermined amount the FCS was commanded to do a wavelength scan, in three sections, covering the entire possible range. At the end of each section, a check was made on the count rate in the so-called home position lines, which are intense lines detected simultaneously for a particular crystal shaft orientation in each of the FCS channels. A sufficiently large count indicated that the flare was still in progress so that the next section could be scanned. 8.43-8.51 Â. The 7.33-7.83 Ä gap in the first section is covered by a repeat of this scan, begun at 2138:08 ut while the Ca xix line emission of the flare was declining from a maximum at 2126 ux.
The observed lines have profiles determined both by thermal Doppler broadening intrinsic to the source and by instrumental broadening, the latter principally due the crystal rocking curve and to a negligible extent to the 14 arcsec full-width at half-maximum (FWHM) field of view of the FCS. The rocking curve is roughly Lorentzian in shape, as measured pre-flight for the ADP crystal. Thus Voigt profiles approximate the observed line shapes, with the Lorentzian FWHM equal to that of the crystal rocking curve. There is a continuous background emission that is almost entirely instrumental and assumed to be due to fluorescence from the ADP crystal and from neighbouring crystals irradiated by solar hard X-rays. Its variation with wavelength is due to the time variation during the scan of solar hard X-ray emission.
All possible line features in the channel 3 spectrum were examined with an interactive computer program. For each feature, the program estimated the total intensity from the area under the Voigt profile, the Gaussian component of the profile width (FWHM) and wavelength at the position of peak intensity. User intervention is required for first-guess estimates of the background together with the peak intensity and wavelength of up to six line features. It is even possible to make use of unresolved lines in these procedures. The program iterates to find estimates which minimize x 1 by a gradient-search method. It returns, with their standard deviations, the Gaussian width (FWHM), the centroid wavelength, total intensity (measured by the area under the Voigt profile of each line fitted), and parameters for the background, described by a sloping straight line. From the error on the intensity, the reality of each line can be assessed. A feature was classed as a real line if the error in the total intensity was less than a third of the total intensity itself. The standard deviation on the wavelength of the fitted line is typically 0.0003 Â. The intensities are given in units of flux (photon cm 2 s" 1 ) at the Earth. The new line identifications listed in Table   1 , which are mainly of « = 2-4,5 transitions of Fexix to Fexxm, are made through comparison of the wavelengths of the features measured in this solar flare spectrum either with those of spectral lines previously classified in laser-produced plasmas (Fawcett, Ridgeley & Hughes 1979; Bromage et al. 1911 Bromage et al. ,1978 Boiko, Pikuz & Faenov 1976 or with other ab initio wavelengths newly calculated with the Gowan Hartree-Fock relativistic (HFR) computer program (Cowan 1968 (Cowan , 1981 Cowan & Griffin 1976; Fawcett 1984) . The latter HFR wavelengths and oscillator strengths are listed in Table 2 alongside the corresponding solar wavelengths. Calculations for « = 2-4 transitions include all strong configuration interactions within the « = 4 complex; those for « = 2-5 transitions are single-configuration approximations. A query in the transition column indicates that the classification is tentative. 
Computations for n = 4 configurations include all other strong configuration interactions of the « = 4 complex (See text for details). For n = 5 configurations a single configuration approximation was made. A more extended listing of the wavelengths and gfs of Fexxi, Fexxn and Fexxn lines is provided in a new Rutherford Appleton Laboratory Report (available from the authors) along with energy levels and composition of terms. Key to headings see Table 1 .
so that the observed and calculated wavelengths of the strongest line were in agreement. A more extended listing of the wavelengths and gfs of Fe xxi, Fe xxn and Fe xxn lines is provided in a new Rutherford Appleton Laboratory Report (available from the authors) along with energy levels and composition of terms. Wavelengths of Fexxi and Fexxn lines could have been derived from the published energy values on ft = 2 and ft=4 levels of Mason et al. (1979) and Mason & Storey (1980) . However, the HFR method is considered a better approximation, and furthermore their calculations did not include the 4/configurations in the calculation of configuration interaction. In Table 1 a feature may be identified as belonging to a specific ion and transition or shown as blends of more than one spectral line. Comparison wavelengths for each line are tabulated; these are wavelengths taken from solar or laboratory measurements or the ab initio calculated wavelengths as indicated in the notes. Table 1 also includes for completeness the well-known Fexxiv transitions. The interpretation of the data for the weaker features is more tentative and some of the identifications are queried for this reason. The strongest transitions are predominantly of the type n = 2-4 in Fexxi, xxii and xxm. These represent the firmest identifications and are now discussed in more detail.
Fexxi
The high strength of the feature at 9.476 Â can be accounted for since its wavelength corresponds to that predicted for the 2s 2 2p 23 P 0 -2s 2 2p4d 3 D 1 Fexxi resonance line which is directly excited from the 2s 2 2p 23 P 0 ground level. As noted by previous authors (e.g. Phillips et al. 1982) , the higher /-levels of the ground configuration may have only small populations at electron densities characteristic of solar flares and this accounts for the much lower intensity of the lines with upper levels not directly excited from the ground level. The corresponding /t = 2-5 transition at 8.573 Â is also identified on the same basis.
Fexxn
The 2s 
Fe xxm
The identification of the Fe xxm lines was aided by the previous laboratory classifications of Bromage et al. (1977) and Fawcett et al. (1979) based on laboratory measurements by Boiko et al. (1976 Boiko et al. ( , 1978 . Confirmation of the identification of the two 2s2p 
OTHER LINES
The line at 9.391 Â corresponds in wavelength to a Nixxvi line measured in the laboratory but the absence of other Nixxvi lines lends some uncertainty to this identification. Some of the Fexix, Fexx and fainter Fexxi lines listed may suffer from blending and a few of these identifications must be regarded as tentative. The more intense lines listed in The relative intensities of the n = 2-3 lines, on the other hand, were consistent with the low-density limit of about 10 12 cm~3. These calculations were also applied to the FCS line intensities obtained during the 1980 August flare (Phillips et al. 1982) . The strength of the 11.769À line and absence of the 11.921 Â line led to the conclusion that Ae^SxlO^cm -3 .
Mason & Storey also included the 2s 2p 4p and 25 2 4d configurations involved in the transitions listed in Table 1 Mason et al. (1979) showed the potential of transitions in Fexxi for measuring electron density. They considered n = 2-2 and n = 2-3 transitions but not the n = 2-4 transitions; thus further work on collision strengths is necessary to make use of the lines now identified. Similarly, the n = 4 levels have not yet been included in calculations of collision strengths in Fe xxiii.
It should be possible, once the appropriate atomic data for relevant transitions are available, to measure electron temperatures as well as electron densities from diagnostic line ratios. In particular, in Fe xxn, the measurement of the 2s-2p and 2p-4d transitions in future observations may be useful in checking the value of T e for r e^1 0 7 K.
